This paper describes a decision support tool which can be used for aiding the academic sraff in making the decision of including a specialty subject in an engineering curriculum. The approach is based on building a list of competences that should be acquired through the study of the specialty subjects. An evaluation of the competences is made by means of questionnaires and finally, a fuzzy model will be run. The output of the fuzzy model reflects the need for the evaluated specialty subject to be included in the curriculum. The proposed method takes into consideration the opinions and experience of both the academic staff and the employers.
Introduction
National regulations state that engineering curriculum in the Romanian universities is composed mainly by four categories of subjects: fundamental subjects, domain subjects, specialty subjects and complementary subjects.
The fundamental subjects include Mathematics, Physics, Chemistry and other fundamental sciences which provide the future engineer the basic knowledge for operating with the laws and principles of engineering.
The domain subjects are intended to provide the technical knowledge related to a specific area of engineering, which at national level is called "domain". For example, some engineering domains in Romania are Mechanical Engineering, Industrial Engineering, Chemical Engineering, Electrical Engineering and many other.
The specialty subjects are intended to provide the specific knowledge which individualizes a study programme (also called "specialization") within and engineering domain. For example, Machine Building Technology and Machine-tools and Production Systems are two different specializations within the Industrial Engineering domain.
The complementary subjects are intended to provide the graduates the transversal competences and for engineering study programmes are usually selected from a list that include Foreign Language, History of Technics, Sports, Culture and Civilizations, Communication Techniques and so other.
The national authority responsible with quality assurance within higher education system in Romania, ARACIS (Romanian Agency of Quality Assurance in Higher Education) has established several rules regarding the distribution of fundamental, domain, specialty and complementary subjects within the curriculum. There are rules regarding the percentages of every subject category and there are also lists of subjects for every engineering domain from which the universities have to choose the subjects within the curriculum. However, while the lists of fundamental 804 O. Bologa, R.E. Breaz, S.G. Racz and domain disciplines are quite restrictive, for the specialty subjects, the constraints are more flexible and the list of possible "subject-candidates"/options is richer.
The broader range of options, which in fact may be considered beneficial, creates a set of problems and difficulties regarding the answer to the question: Which specialty subjects have/have not to be included in the curriculum? These problems have to be solved by each university, taking into consideration two aspects: the university autonomy, which encourage every school to customize its curriculum and the rapid evolution of the labor market, which have to be addressed by the universities by rapid adaptation of the curriculum.
The research presented in this paper was conducted in order to develop a tool for aiding the university staff in the decision process of designing the engineering curriculum with regards of the specialty subjects. The remaining part of this paper is as follows. In second section, a survey of the state of the art regarding various approaches regarding engineering curriculum design is presented. Third section is dedicated to building a competence list, considered necessary for an engineering graduate to possess. In the fourth section the flowchart of the proposed method is presented and the fifth section introduces the fuzzy model used for assessing the percent of introducing an evaluated subject in the curriculum. The last section is dedicated to the conclusion.
Previous work
Curriculum design for engineering studies should be oriented to final outcome of the higher education process, providing the labor market with a graduate able to fulfill the requirements of the employers [1]. The problem is that there is a certain conflict between education, which is seen as the main objective by the universities and professional training on the other hand, which is seen as mandatory requirement by the employers.
A literature survey shows that Competence-Based Learning [3, 4] is one of the concepts considered as base for higher education curriculum design in order to bridge the gap between education and professional training [2] . Competences are defined as a combination of skills and knowledge and it is considered that an individual's performance at work are hardly influenced by them [3] . Moreover, it is considered that competences comprises also entrepreneurial elements which are also needed by a higher education graduate [4, 5] .
Consequently, university staff and other academic organizations involved in the curriculum design process have to define and select the required competences in order to define and structure a successful engineering study programme. In order to customize a specialization among other, within the same domain, it is very important to define the specific competences and to provide them by means of the specialty subjects, while keeping the curriculum as flexible as possible [6] . However, care has to be taken in order to avoid too much specialization or too much generalization [7] .
Fuzzy logic was used quite often to build decision support tools related to educational process. Many works are related to applications of fuzzy logic in assessing the academic performance of the students [8] [9] [10] . The results obtained by using the method presented in [8] were compared to the values produced by statistical means. Another research, presented in [11] , proposed a fuzzy logic approach to the assessment of student centered learning.
With the widespread of e-learning and web-based learning, special software products called Learning Management Systems (LMS) are used in order to provide the platform for learning environment. Fuzzy logic algorithms are reported to be used for the evaluation of LMS systems [12] .
Competence-Based Learning had risen the problem of selection, analysis and evaluation the required competences for a higher education study programme. A literature survey revealed that fuzzy logic was used for this purpose, using a revised DACUM method (13) . DACUM is the abbreviation for Developing A CurriculuUM and was invented by a group of scientists from New Start Company in Canada's Nova Scotia. By using fuzzy composite evaluation, the work presented in [13] developed a very effective method of analyzing technical competences for graduates of junior colleges.
An approach which uses both fuzzy logic and competence selection and analysis was presented in [14] and [15] . A particular fuzzy model for assisting the decision of including a specialty subject in the curriculum, for a specialization within Industrial Engineering domain. The approach was developed by a team from "Lucian Blaga" University of Sibiu, which includes the authors of the present paper.
The list of competences
The approach proposed in this work is intended to have high degree of generality, in order to be applied practically to any engineering study programme which can be related to an industrial process. For example, the method can be applied for machine-building and manufacturing engineers, hydraulic and pneumatic machines engineers, welding engineers, textile and leather engineers, chemical engineers, electrical engineers and many other engineering fields.
It is considered that in order to become a specialist in any of the above mentioned branch of engineering, the specialty subjects have to provide the student knowledge in five major components: technology, equipment, automation and control systems, CAD/CAE/CAM (computer aided design/engineering/manufacturing) and research and development, as shown in figure 1.
Consequently, a generalized list of competences which should be provided by the study of specialty subjects within the curriculum was built and presented below. In order to exemplify the high degree of generality, for every competences from the list the generalized item was italicized. It can be easily noticed that the italicized words can be replaced with more specific items, related to a specialty subject form the curriculum of an engineering specialization. For example, taking into consideration machine-building engineering as specialization and "Plastic deformation technologies and equipment" as specialty subject, the italicized items could be replaced by specific items as follows:
-technology → plastic deformation technology -equipment → plastic deformation equipment -process → plastic deformation process.
The flowchart of the proposed method
The flowchart of the proposed method is presented in figure 2 . The preliminary stage consists of two steps: developing a generalized set of competences and building a portfolio of specialty subjects.
The final stage consist of four steps. The first one involves the customization of the generalized set of competences for every evaluated subject, according to the specific requirements and characteristics of the study programme. As stated in the previous section, due to the high degree of generality of the generalized set of competences, the customization process is quite straightforward. The second step involves the evaluation of the customized set of competences by means of questionnaires. Because the method itself, the set of generalized and customized competences and the portfolio of specialty subjects are developed by the academic staff, the questionnaires are distributed to the other main stakeholders of the educational process, the employers.
The questionnaire (one for each evaluated subject) includes the set of customized competences, and asks the employers to grade each competence within the list with a grade from 1 to 10.
The next step involves the construction of a fuzzy model, also for every evaluated subject, which takes into consideration the results of the questionnaires for fuzzyfing the inputs.
Finally, after running the fuzzy model, the necessity of including the evaluated subject will be assessed.
The fuzzy model
The general structure of the fuzzy model is presented in figure 3 . The inputs are the competences from the list presented in section 3.
For a certain specialty subject, the generalized fuzzy model has to be customized, by customizing the set of competences. Moreover, if the evaluated subject does not include one of the five categories of competences (for example a specialty subject with does not include technologyrelated chapters), that category can be removed from the inputs. Of course, for an engineering specialty subject it is hard to encounter such a situation, but nevertheless, it could appear.
The output variable of the fuzzy model is the "percentage of inclusion of the discipline (PI)" and will fluctuate as a percentage between 0 and 100%. Only the disciplines which obtain a percentage of inclusion equal or greater than a threshold (for example 80%) will be considered to be included in the curricula.
The linguistic variables used for the fuzzification of the inputs T1, T2, E1, E2, A1, A2, C1, C2, C3 and C4 were chosen as:useless;necessary; mandatory.
The linguistic variables used for the fuzzification of the inputs T3, T4, E3, E4, A3, A4, C5, R1, R2, R3, R4 and R5 were chosen as: inefficient; efficient.
The linguistic variables for the output were chosen as: low; medium; high.
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The fuzzyfication of the inputs was done by using the membership functions presented in figure 4 ( for T1, T2, E1, E2, A1, A2, C1, C2, C3 and C4) and figure 5 (for T3, T4, E3, E4, A3, A4, C5, R1, R2, R3, R4 and R5). The membership function used for the fuzzification of the output is shown in figure 6 . The membership functions from figures 3-5 were built using only triangular and trapezoidal curves. The triangular curve is a function of a vector x and depends on three scalar parameters a, b and c as given by: The trapezoidal curve is a function of a vector x and depends on four scalar parameters a, b, c and d as given by:
As development tool, the Matlab (with Fuzzy Logic Tcoolbox) was used. The other characteristics of the fuzzy model are: AND method minimum; OR method maximum; Implication method minimum; Aggregation method maximum; Defuzzification method centroid (center of gravity).
Conclusion
The main goal of this research was to develop a decision support tool, based on fuzzy logic for the decision of including or eliminating a specialty discipline within an engineering curriculum.
The proposed tool will help the academic staff to choose from a portfolio of specialty subjects. Usually, this portfolio is imposed by the national authorities for higher education in each country. Of course, the number of disciplines within the portfolio is higher as the number of disciplines which can be included in the curriculum, so the universities have to choose between them, a process which is often extremely difficult.
A list of competences which a future graduate of a four years engineering programme (seen as an industrial processes engineer) should possess after studying the subjects form above-mentioned portfolio was built. The competences within the list were divided into technology related, equipment related, automation and control systems related, CAD/CAM/CAE related and research and development related.
The list of competences were distributed (as questionnaires) to industrial companies in order to be assessed. The staff of companies, which are the main employer of the engineering graduates were asked to grade every competence from the list with grades between 1 and 10. Using the list of competences and the grades, fuzzy models were built for each subject within the portfolio. The inputs of each fuzzy model were the set of customized competences selected from the list and the output was the percent of inclusion in the curriculum. The fuzzyfication of the inputs was made according to a chosen set of membership functions and to the grades received by each competence.
Finally, the models were used to assist the decision of including the discipline in the curricula by allowing the user to calculate the percent of inclusion.
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